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ABSTRACT 

The objective of lliis study was to determine whether beta 
human chorionic gonadotropin (hCG) (CGfl) subunils and alpha 
hCG {CCA) subunils arc expressed and the hCG dimcr ii 
produced in normal human cyclic endometrium. Endometrial 
specimens were collected for histological dating from women 
undergoing treatment in our division of human 'teproduclion. 
UNA from normal secretory endometrium was extracted, and 
CGB and CGA gene expression was assessed by semiquantitative 
PCR. Adequate secretory endometrial specimens were homo- 
genircd using protease inhibitors. Proteins present In the 
supernatant were separated eloctrophorctically, and molecular 
hCG isoforms were detected by Western blot. The supernatant 
hCG concentrations were measured by ELISA. We characterized 
hCG and leukocytes in endometrial specimens by fmmuno- 
hislochcmislry. Uterine flushing was performed to confirm 
endometrial hCG secretion into (he uterine fluid. A full-length 
CGfl mRNA encompassing the exon 1 promoter region and the 
structure exons 2 and 3 (Including the C-lcrminal peptide) was 
expressed in normal secretory endometrial specimens (similar to 
CGA) during Ihe early secretory phase of the menstrual cycle, up 
to an optimum at the mldsccretory to late secretory phases. In 
homogenate supernatanls obtained from normal secretory 
endometrium, hormone concentrations of dimcric hCG were 
approximately 5 mU per 10 mg of tissue, compared with 
considerably smaller concentrations of corresponding single free 
CGB subunit. Single chains of CGfl, CGA, and dimcric molecular 
hCG Isoforms were found In endometrial specimens by Western 
blot. Glandular endometrial hCG production Is demonstrated 
immunohistochcmically, with an Increase toward the late 
secretory phase vs. the early secretory phase of the normal 
secretory menstrual cycle. However, glandular hCG release is 
diminished or absent in Ihe dyssynchronous or missing endo- 
metrial secretory transformation. Endogenous endometrial hCG 
may be Important for implantation and maintenance of 
pregnancy. 
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INTRODUCTION 

The human endometrium undergoes dramatic morphologi- 
cal and functional changes during the menstrual cycle. During 
tltc first hair of the menstrual cycle, the estrogen-dominant 
proliferative phase is characterized by intense mitotic uctivity 
of glandular and stromal cells, and the second half (or 
progesterone dominant) secretory phase is noted by functional 
differBntiotion of the cellular components. Progesterone 
induces the onset of endometriul secretory transformation. In 
the human endometrium, stromal cells begin id visibly 
differentiate into deciduu during the midsccrctory phase of 
the normal menstrual cycle, even in the absence of implanta- 
tion. Stromal cell differentiation begins around the spiral 
arteries and spreads through the upper compartment of the 
spongy endometrium site [I J. During the process of decidu- 
alizalion, synchronous stromal and glondulur differentiation 
results in secretory activity of different hormones, growth 
factors, and clcosanoias [2-4], Predccidualizotion Dftlie human 
secretory endometrium is essential for embryo implantation 
and the maintenance of pregnancy. r n this Study, we 
hypothesized that human secretory endometrium is capable 
of synthesizing human chorionic gonadotropin (hCG). 

Human chorionic gonadotropin is regarded as a pregnancy- 
specific hormone and is produced in the trophoblost It is 
released in large quantities from the villous syncytiDtrophoblast 
intD the maternal blood. The hctcrodimcric glycoprotein 
hormone is composed oF two noncovalcntly associated alpha 
and beta subtmils. The common alpha hCG {CGA) subunit is 
encoded by a single alpha gene on chromosome fi. The bciu 
hCG (CGB) subunit is encoded by a gene cluster of six 
homologous genes on chromosome 19 and by one of them as 
two allelic pyeudogencs [5-7]. The CGB molecule is charac- 
terized by a specific rV-Iinked glycosylution pattern (and by an 
D-linked pattern in C-lcnninal peptide [CTP]} [8, 9]. The free 
CGA and CGB proteins combined form intact biologically 
nctivc hCG. Human chorionic gonadotropin bioaclivity is 
dependent on glycosylntion, the structure of which changes 
during early pregnancy trophoblast production [10-12], In 
previous studies [13-16], ItCG production has been confirmed 
as a common phenomenon associated with several different 
types of carcinomas, Some authors have reported thnt CGB or 
hCG is also produced at low levels by various normal human 
healthy tissues, particularly in the intestinal, urinary, and 
respiratory tracts [17-20] and in the fallopian tubes [21]. 
Human chorionic gonadotropin/luteinizing hormone (LH) 
receptors have been described in the cndomclriun [22, 23] and 
were identified in several gonadal and nongonndal tissues [24]. 

In initial immunohlsiochcmical and in situ hybridization 
examinations, wc showed that glandular cells of tltc endome- 
trium express and produce CGB subunit protein primarily 
during lite secretory phase in die uterine epithelium [25, 26]. 
The objective of the present study was to investigate total CGB 
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and CGA gene expression, as well as liCO production, in 
endometrial tissue specimens cxbibiling normal or abnormal 
proliferation and Bccrciory phases during (lie menstrual cycle. 

MATERIALS AND METHODS 

Tissue Collection and Processing 

To midline bumiui CDA and CCD gene ejepn 
wen: obtained rrora 581 potiems from the previous years wl» had i 
ratline infertility invesilgollons for this study. EnJometrinl ipiEimcm were 
p of die uicrlnc covum Tot rcrtilhy 




IE CDllcClcd fn 



ill both liie pisilTenilivc and secretary phases of the 
niensrruni eycio inn wen divided into I wo Groups. Samples from the Elm 
puient group demonstrated normal secretory endometrium from;,cnop!cs 
experiencing Infertility lolely owing to tubal dnmngc, mule factor, or 
unexplained Injcruiily. Specimen! wens included in Die study only if the 
clinical analysis suggested the absence of other gynecological pathologies. 

""■ inv fonn of exogenous hormones or had used an 
during the previous 3 mo were excluded. 
In this group were categorized Into the fallowing fivo 
« 60], early sccmioty (n — 42), mirlsccrciory {n - 
30), and laie prcdccldual secretory (n =■ 38) 




Endometrial Tissue Homogenizalion, Supernatant 
Preparation, and hCC Hormone Determination 

Tissue specimens or approximately 3D mg wen; rinsed wiflt PBS and 
resuspended in 500 ul of Ice-cold 50 mM Tris-HCI buffer (pH 7.G) containing 
100 mM NdCI aril-buffered saline (TDS)) with 0j% sadluru deoxyeliolsle, 
1 mM cdcllc ncld, I. Oft Nonidet P-dO, and one 10-ml Complete Proicase 
Inhibilor Talftcl Pro (Roche); 1 UmoVL of pcpslndn; raid Inhibiting odd 
prnieases. They were then dlsnipled using the Ulira-Turrax (TKA Works, Inc.) 

i. The paMiucf 



isan 

dotal ICQ/CCD, free CCD, end LH) » 
leu tin nuutufnclurcd by Buyer (Advira Centaur loin! liCO/belu tiCG 
immunoassay with Iwo hCXl antibodies having different ophope-blnding 
capacities for iho dlmeric mill fnx beta submits or liCO, sensitivity uf less ilian 
2.0 mV/ml, and negligible cnut-icnaivity with LH ami folliele-stimulntins 
hunnone [FSH|; and Advira Centaur LH immunoassay Willi Iwo LH onllbodlcs 
nl cpilopc-bindlng capacities, sensitivity of f " 



bctehCCsu 



mbeiuhCGxr. 



of 0.1 mil/ml), nil with on Inlranjsay precision of less than 3Ck 

Uterine Flushing and Hormone Determination 



chloride). Two insemination catheters wan passed into llic uterine cavity 
through the cervix for canlinuoui infusion DfElcrile nurmal mlino at a law nils 
of 10 nu/60-mtn (low for I It and disconunuout collection or six fracllorumsl 
' . The finalon 



mUAnl, and aou-rencUvity vrilh LH and FSH or<O.Itt; raid Recite Elccsyii 
LH Immuntjosoy with iwo antibodies, sensitivity of 0.1 mU/ml, and crou- 
reeotivay with other gonadotropins of <0.l% [similar la the Itaclie Elccsys 



Isolation of RNA and RT-PCR 

as isolated horn cndomclrinl tit 
Urol. Approximately 30 mg ol 
I -SCC wax disrupted and homogenized using n 
Turrax. The hnmogerunei were kepi un ice for 5 mln to ensure complete 
dissociation or the nucleopnilosnmes. Tola! UNA wni oxtraclcd uiiiig Triiol 
reagent (Gibco) according lo the mamifnciurer'a lint run Ions. The pellets were 
samples of 30 |d 



jc and Hie early pregnancy 
n Ultra- 



all ulinuoti at -SI 
with RHnse-frce 



-B0"C. 



nt was performed using a sterile I 
it wis dioioughly cleaned willi sl> 



were ipandlled and stored us 
Total RNA{2|ig)wiulrei 
transcribed lo synilitsljjs cDNA. Tlte 2J-U) aliquot ofRNA wan healed al S5'C 
for 5 min to ellmlnnte die DNaso end unfold die RNA, followed by cooling at 
AX. A 15-pl nllquol of cDNA reaction mixture was added to obtain a linol 
■ w or 10 mM Tris-HCI (pH BJOh 50 mM potassium chloride; 5 mM 
chloride; I mM each of deoxyudenoainc triphosphate, 2- 
deoxycytidino-5-triphDsphnlu, dcoxygunnosine Iriplioipliale, and dcoxythyml- 
dine triphosphate (deoxyriboniicleolide iriphosplialo [tlNTPJ): ID IUA |il af 
RNsbo inhibllor; 1 2.5 PJ/S pi ornvlan myohlastosls vlius HT; and 0.2 ug/5 ul 
of oltgodcoxydiymfdlnc primer (pdTIS; Roche) In o find volume or 5 ul. The 
icnctlon wns cmricd oui using n Pcrkln-Ebtier mennacyclcr and was peifonned 
tiring die following conditions: 25*C for 10 mln and '12"C far GO mill, followed 
by a 5-min sicp nl !M"C lo destroy HT activity. All RT icacdon icagenu were 
obmuicd from Roche, 

The I1TR pruiwJun: was performed Immediately afler HT In ttic some tube 
by lidding 20 pi of PCR mixture lo the 5-|d RT reualon valuma, rcniliing in a 
riail ronronimtioii of ID mM Trii-HCt (pH 8.30), 50 mM poiaulum chloride, 
1-5 mM magncjluni chloride, 02 mM or each dNTP, I.2J PJ/2S |tl of 
AmpliTori-Fasi stun (FS) DNA rolyrnerasc, and 10 pM/25 (d of each nrimcr 
pair for the different CCD, CCA, and CAPDH ollgonuclcuidei. All PCA 
imipUricsilons indurfed on initial dcnaturallon siep of 5 mht at 95""C and a final 
eloigntion nop of 10 mln at 72*C. As nmnuHted In Table I, amplification of 
cDNA was performed using four ditTcrent primer pairs upariflu lo the 
respective CCD subunlt, which reiulicd In ampllcans ar 5m bp [61, 423 bp 
1281, and 37 8 bp and 300 bp [29], as well as using primer pairs lo CCA 130] and 
CAPDH [31]. All mRNA sequences expressed from genes 3, 5. 6, 7, and B of 
CDC wen: Included in the amplification nsitlg die selected primer pairs. The 
PCR procedure was performed follows: 35 cycles or 30 sec at 94'C, 30 see al 
6VC, and 60 sec at 72"C for all primer pahs, excluding die 549-bp CCD 
umplirfcuiran, for which liie oitncoiing dme was 45 sue This fragment siio was 
spectra: to CGfl RNA because the primers were localed in dllTcreni axons. To 
exclude the possibility of die emplificuton coolnnifniiiing genomic DNA, 
despite DNasc treatment, PCR was also performed excluding RT from lite 
cDNA step for aaeh primer set, and no positive PCR products were observed. A 

0 RN A or cDNA icmpltue was added to itie 

. Placental RNA was applied 
a as a posllivt! central. All PCR nmplifiadon 
e obtained from Roche. 
All olignmideollde primer poire were symllcslicd (Applied Dinsyslems). 
Nine-mlnoUter olrquats Df the PCR prodncis were elcctropharesed In c 2,U% 
agarose gel in SD mM Tris-befrcred 150 mM saline butTer, pH 7.40, lo prove 
die efficiency and fidelity or die CCD- and CGd-DNA fraDncni tunplifiealion. 
ami 0,01% ctlildluns bromide vnu used for UV Id "~ 



Restriction Enzyme Analysis 

Hie iitcnUty of llic 300-bp PCR product wns verified by reslriction eniyroc 
digcslion. Several CGO-spccille reslriction enzymes (Sryl, Urpl2SG, rfucIII, 
Amll, and Soul; Roche) wen: Included in die cleavage Hperhncnls lo confirm 
the PCR-derivcd DNA sequence of CCD, as opposed lo dun or beta LH (UID) 
subunU. Tim cniymc eonccnutulons and optimal buffer condlUom for DNA 

PCR products were sepsraied clrxtroplioreilodly in an agarose gal, and the 300- 
bp CCD cDNA ampllcon was directed using a DNA gel extraction til 
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TADLE 1. Oligonucleotide primer pairs used for CCB, CCA, and CAPDH 



ie Iranscriplion reaction and PCR amplification 



Ampllcon bp Paired no. 



10B/127 
197/170 
4D&/3(M 
404/460 
B3/I02 
3U/294 
335/332 
530/510 



5'-C AG CACGCGGGTCATGGT-3' 

5 '-GGAAGCGGGGGTC ATCACAGGTC-3' 

S'VTCGGGGTGTCCGAGGGC-3' 

5'-TGCAGGATTGCCCAGAATGC-3' 

5 ' -C CGTGTGGTTCTC C ACTTTG-3 ' 

S'-CCATGGAGAAGGCTGGGGO' 

5'-CCAAAGTTCTCATGGATGACCO' 



a The specific CCB primi 



recognize LHO expression. 



sc gel. Tire patterns of the cleavage products 
obtained by digtalion or the 300-bp ampliccn wilh .Tr/l (300 Up). 81711286 
(175/125 bp). ««Ul (300 bp), (54/87/43/43/33 bp), .and Said (94/87/43/ 
43/33 bp) should have been com Is ten I wllli die 1MB DNA sequence, 

/mmufiohisrochernistry 

The divided simple pans of fresh endometrial tissue collected from lite 
curettage specimen were used in parallel for PCR studies and bnmunoliisia- 
chemical staining. Thu tissue sample! were filed In 4ft pltoiphaie-buffeitd 4* 
ndbraialdeliydu overnight and embedded In pamT ~ 
nelrium and paraffin blacks nf early pregnancy | 



in of endomelnW leukocyte* and endottteltal cells. 



formed using 
andeni CD« 



After nilydraiion, (he sections of the specimens v« 
' ' methanol (30 mln) to bl 

_ xi ofhCC. Immunohisiodicmical staining for ICO ™ 

firs performed using polyclonal nmlbody. A Tier a brief wash In TBS. the tissue 
sections were placed in a humidified clmmbcr and sequentially overiaid oral 

Incubated with 100 jil oreocli ihc following reagent 

TBS wid, 03.% Triton X-100 Tor 10 min for andgen 
blotln blocking soludon (DAKD) Tor 10 min each for 1 _ 
suppression; 3) 10H normal goal lenim (NOS) In TDS for 30 mln 
nonspecific staining; 4) after removal of ewecs NGS blocking serum, general 
hCG staining wldi primary "bbll and-CCB (A023 1 ; DAKO) (diluted 1 J00 m 
TBST/10% NGS) or wfdl primary rabbit anlf-CCfl-CTP (Bloirend) (diluted 
WOO in TBST/tOft NGS) a 4'C overnight. 3) using die Ellin ABC til 
(Vector), biolinylnicd goal und-raublt IgO as leeotulary ondboiiy dlluied 
1:2000 In TBST/NGS for 30 mln: 6} peroildssc fPODJ-conjusoted nvldin- 
blotin comple* (Vcnoswln ABC; Vector) for 30 mhr, anil 7) diamlnobcnzldlne 

(DAB) from Vector Tor 5 min (0 develop die brown reaction product, Ben 

L-och reagent step performed In ilia humidified cl 
rinsed tlircc limes Tor 5 min wldi TDS. Negative r~ 
for which the primaiy hCG or other primary — * 
TBST/NOS solution. A positive control section oi 1 
■ ■ - ■■ --ad for Jie primary unUbodies used 
inl tissues. Tim specimens 



tile leukocyte common 
: 2B11 and PD7/2C) from DAKO. After blocking or 
avldln-blolin, and nonspecific antibody binding as 
- ' (1:50) was Incubated wldi dasuc 
. owed by Insimeiil widi bioUnylaicd 
' rabbit unu-mrnisc IgG antibody and POD-eonjugaied avldin-blotin 
compiK itecordlnB to Inslnictloiis Included In die Vectostata ABC IdL 
rcroildase activity was vlnitdlzed by incubating the siunplc* wtrtt DAB for S 
min. CounleistamJng was perfDnned with liernalDiylln. 

To esoralne natural ^killer (UK) cells nnd vaseularirjiilon^ of tlic 

i Imnuinosuilnlng was perfbrraed using a monoclonal human 
and-CD56 neural cell adhesion molecule (NCAM) NK cell primary antibody 
(Santu Crw.), followed by a monoclonal antl-CD34 nnribody (elono QBEND/ 
10; Seratce) aflcr duvelopincnl of die rust clnoraogcn. CD36 antigen uainlng 
required damasking pielientment of sections wldi Target retrieval solution fpH 
6J) for 20 nun at 95"C in a water bath, followed by 20 mln or cooling. After 
the already described blocking siepi, the nomud rabbit scnun-prclriculiorci] 
tissue s«dons were treated with anli-CD56 (diluted 1:100) at 4"C overnight 
Tills win followed by lite CSA system procedure using secondary bbunylolcd 
: IgG anllbDdy, roD-mnJugnica avldln-blodn 
' liiaUon as nlready described. After brief 
h the ami-CD34 nntibody (un endothelial 
cell traitor) diluted 1:50 for I li sit flT. followed by alkoline pliosplmlaH!- 
conjugnted nvidln-biotin complen using Ilia Vcclosudn AB-AP kit (Vector) 
with AP blue riiromogcn fnr CD34 v»- -"- ■'- 



Ch3faclerization of Endometrial Secretory Transformation 

j demonslmicd in the present study, we believe dial lint degree (range, 0- 



hCG til 

die doling or normal, dimhdslied, or fa 



; a cycle pliaso-oderjuatc gkuidultir sliapc conflguraJton, Lack or 

hCG staining (hCG, D) reprcscnls the proliforalivc phase, low staining (hCC, 1- 
2) represenis the early secretory phase, higher staining (hCG, 2-3) represents 
ilia mitlsecrclory pliase, and strong naming (hCG, 3-4) rcpmienUi the late 
f phase of normal endometrial UTuuronruition. Decreased or zero liCG 
relative 10 the cycle phato-respecuve values rellecu diminished or 



xylene, and 1 ....... 

dtorionle gonadDinipin was dien delected in endometrial 
dirrerent mouse monoclonal antibodies specific Tor CGB and CGA 
epllopra. For hCG ilalnlng wilh mouse tmtl-CGfl ttndbodlci (DW-2 or LNN-22 
diluted 1 JD00 or 1:100; Semite) or wnlh mouse nnU-CC/1 nntibody (TNN-132 
diluted IJ00 [Seroteel in TBSAiormal rabbit serom [NRS|), the Cunlyjjd 
Signal AmpllfieaU«) (CSA) ayilcm (DAKO) was used according to die 
manufacturer's Instructions. Ancrtnalmcni wldi Target retrieval tolulton (i>H 
6.2; DAKO) for 20 min at 9PC, cndDBcnous POD bloctbig of endometrium 
seelloru with 03% hydrogen pcrwldc in mcuianol, nvldin-biclin blocking, mid 
blocking of nonspecinc railibody binding site widi TBST/1 0% NHS. iaeubo J nn 
with the primary antibodies was continued ui 4"C overnight, TolluweU by 
ineubaifon wilh secondary bioliirytoled rabbit ruili-mouje IgG antibody diluted 
1:2000 in TBS/NHS ond wilh POD-eonjiiga«d nvidin-blodn comples 
(DAKO), each for 30 min. A 51 - " 
inthaCSA.ysiatsioirjciBiseb 

site. Finally, incubation witli the POD-avldln conjugate 
" be DAB su 




. die eight histological dadng criteria by Noycs ct nL [27] are used 
" - or cycle duy-syndtronoBS or delayed 

an. Based on liislologlenl data rrom 

specimens in built of our patient groups, we believe it is more 



. [32, 33J, we morphologically cliaraaeriied specimens using 
the fallowing four eodomcirinl criteria (score mngc, 1-6" [li is opllmnll) to 
compare and supplement die recommended hCG sutiiibg: A) glandular slope 
configuration (small and round; small, elongated, narrow lumen; elongated, 
lorruoiis, coiled; dilated, round, expanded; dilated, popular snouts, beginning of 
serration; saw tooth-like), B) glandular epidtcUnl noclem conriguratioa and 
jn (poiyitrotincd; tall columnar, cylindrical, basal located; subnudcar 
1; longlsli, rounded; oval; round), C) stromal cell density ond 
'— ""-^-ioied. dense; spindle sluped, broken 1 
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FIC. I. CGfl gene expression In human 
■ ' n, A) Tho none se- 
nt orihcwonl 

- „ ruclurc exons 2 and 

'3 present In the CCS subunll (-36D 10-195 
bp), Including Inlrons of 352 bp and 231 bp 
In length. D) While and dark bars Indicate 
tlw location or untranslated and translated 

[-30 lo MS aa) and hormone subunll 11- 
US aa], respectively. Q The full-length 
CCD arnptleons or 548. 423, 300, and 370 
bp arc shown below the CCD gar* 
10 add; CTP, CTP 



sequence, aa 




Western Blotting 

Aprrosimalcly 3D rag of Trail cnilonnirinl tissue samples or those slorcd at 
-2D*C was chopped up, washed, rcsiupended in ice-cold lysis buffer with the 

olrcady A 

already c 

homugaioU! supcmoLum iuiii B Hit BCA Proicln Assay (Pierce), with l 
ranging from 2 to 6 rng/ntl- Allquoit vrera diluted in reducing; and nonrcduclng 
pmbc buffers (RdiIi) containing SDS nod glycerol wlih or without 
mcraplotthoDol and wero boiled ra 95"C Tor 5 min. Tlio prepared eniicmciria! 
pmiciiu and a low-malmilnr-ivciEhi protein standard mlslure and rainbow 
iinndanl (Pharmacia) were she separated by 10% SDS PAGE and tnuufcned 
to nitrocellulose by clectrobloitlinj. The resulting membranes item incubated 
with polyclonal primary mbfaii mil-CCD (A023J) and rabbit anti-CCD-CTP 
antibodies at a dilution or 1 J00 or with monoclonal primary anti-CGB (INN- 
22) and miu-CCl (1NN-I32) nniibodlu at o dilution or 1:100 bi 4*C overnight, 
followed by incubounn with blollnjlnled secondary goal nmi-rabbit ( 1:2000) or 
end-mouse (1:2000| nndbodles, ru appropriate, Tor I h ui room icmpennurc, 
■o Ilea Incuhoiad will) ADC camplos (Vector), The 
irms or liCQ wero Uclcdeu by visuolrzallon wlih DAD 
u lliaia described for linnuinalilsloclicm- 



RESULTS 

To prove lh.nl liCO is secreted by normal surface cpilhcljul 
tissue, wc examined humnn CGA mid CGB mRNA trnnscrip- 
tion and corresponding hCG dimcr protein translation in 
endometrial samples from patients, Samples ranged from ihc 
late proliferative to live talc secretory phase of Ihc menstrual 
cycle. In Figure I, the CGB gene sequence ranging from ihc 
transcription sum site of -366 bp in lite promoter to Ihc 
transcription slop site at 495 bp in exon 3 is demonstrated for 
CGB gene expression in human placenta [5, 6] and was 
confirmed Tor CGB gene expression in Immnn secretory 
endometrial tissue in Hits study. The resulting CGB prohor- 
mone (-20 lo 145 amino acid [on]) and CGB hormone (1-145 
aa) subunit sequences ore translated in endometrial secretory 
[Issue. Various CGB primer pairs were selected for identifica- 
tion af expressed full-length CGB subunits extending from 
exon I lo exon 3 (Fig. I and Table 1). The CGA and GAPDH 
primer pain were also used. 

Evidence far the Presence of hCC in Endometrial Tissue 
Homogenates and Intrauterine Secretion Material 

The tola! hCG hormone concentrations measured in 
hoinogenale supcmalanls increased from negligible values 
during the proliferative phase lo higher values until the laic 
secretory phase. There was a significant difference between the 
cruiy secretory phase values und the laic secretory phase values 
{P < 0.010). Free CGB subunit concentre ' 
about one tenth of Uiedimcric hCG concentration, ns evidenced 




FIC. 2. Hormone concenlrallonii of lolal hCC'CGD, Tree CCD subunll, and LH | 

hormone conccniralloni were delected In supernalanls obtained from TOO my ol . 

n=13; early secretory, n = 2<l; midsccrciory, n«23; and lale secretory, n« 10). Endometrial liCG increased during sccrcl 
CCD suuunlls remained in small quantities (D), while LH inhibited basal levels (0. prollf,, proliferative; s., secretory. 
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by the peripheral blood ratio. The LH concentrations tended to 
be at ths low limit of detection and were negligible (Fig. 2), 
Uterine flushing procedures were performed for seven patients 
during the midsccretory cycle phase. Fractionated fluid sample 
collection every 10 mln demonstrated a decline in hormone 
concentrations. The detection limits of Lho hormone kits were 
0,2 mU/ml for hCG, 0.4 mU/ml for FSH, and 0.1 mU/ml for 
LH. Combining the gonadotropin content from 
total uterine flushes resulted in n mensurable horn 
hCG. but LH and FSH remained beyond the limits of detection 
(Fig. 3). Progesterone and estradiol showed decreasing 
concenirniions in the uterine flush fractions collccicd, similar 
ro hCG but not prolactin, which revealed conslnri 
[data not shown). 

Expression of CGB and CGA mRNA in Endometrial 
Cland Epithelium 

Using specific oligonucleotide primer pairs to amplify 
various exons in the RT-PCR procedure, wc obtained the 
expected CGB cDNA amplification products of 548 bp and 423 
bp. These results confirmed epithelial CGB gene expression in 
secretory endometrium. Early pregnancy placenta specimens 
were used as n positive control for hCG expression. Although 
the ulready described primer pairs include exon 1 and exon 2 
cDNA, additional primer pairs produced 378-bp and 300-bp 
amplicons containing exon 2 and exon 3, respectively. CGA 
mRNA expression was also evident in secretory endometrium. 
The absence of CGA cDNA when RT was omitted from tlie 
assay supported our hypothesis that hCG is expressed 
throughout endometrial tissue, as indicated by CGA and full- 
length CGB mRNA synthesis (Figs. 1 and 4). Wc scmlquon- 
riiau'vcly demonstrated ihm CGB sections between cjtons 1 and 
2 (423-bp ampllcon) and between exons 2 and 3 (300-bp 
nmplicon) arc expressed based on the secretory stage of cyclic 
endometrium. CGB expression began in the early secretory 
phase and increased to the midsccreiory and laic secretory 
phases relative to the amount of constitutive GAPDH expression 
(Fig. 5). To verify the identity of (lie CGB amplicons, DNA 
cleavage experiments were performed. Digestion of the 300-bp 
CGB amplicon from endometrial and placental tissue with and 
without various different suitable restriction cnzymcn CSfyl, 
flj/7l2B6, Haem, Avail, and SauT) resulted in the anticipated 
smaller fragments that characlcrize the CGB DNA origin and 
prove lliut LHB mRNA was not present (Fig. 6). 
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FIG. 4. CCB and CCA mRNA expression delected during the iccrclory 
phase of normal cyclic endometrium and (n the placenta control. The 
RNAs were analyzed by semiquantitative RT-PCR using primer pairs 
specific to CCS (A-D), CCA <E and R, and GAPDH |Q. The panels show 
ths resulting PCR products obtained from various endometrial specimens 
(lanes 3-C), as wall as early gestation placental tissue as a control (lane 0), 
resulting In CCD amplicons of 540 bp (A), 423 bp (It). 37(1 up IQ, and D0O 
bp ID). E) CCA fragments wore also demonslralcd lr 

tissue specimens (lanes 3-6), In commit lo the re , 

performed in Ihc absence of RTaetMly (F; lane 1 : base pair standard; lane 
2: without RNA; lano 7; without primer), stand., smndardi plac, placenta. 
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RC. 5. Dependence of CCfl mRNA ex- 
prenlon on different stages of endometrial 
secretory transfariTialion. The CCD mRNA 



determined by RT-PCH relative la (he 



corresponding CAPDH amplification for the 
proliferative (P In - 22 1), early secretory {ES 
In - 2B», mldsecrelory (MS [n - 



0 and CAPDH using primer pairs 
amplifying 3QtHjp (A) and '123-bp (D) 
products. CGfl mRNA expression Increases 
Id the mldwcreiory and late secretory 
endometrial cycle phases. The upper dia- 
grams show the respective optical densilc- 
meiric ratio of CCB.CAPDH fragments. 
Results are given as mean ± SEM. 




Production of Endometrial hCC Molecule Forms Evidenced 
by Western Blotting 

To evaluate the delected inteaulerine secreted fluid and 
endometrial liomogcnatc cpidielinl hCG und to assess lhc 
molecular characteristics of endometrial hCG as revealed by 
immunolilsloclicmistry. we examined the tissue extract fluid of 
several transformed secretory endometrium specimens and 
compared it with commercial dimcric and monomelic higldy 
purified commercial placental hCG and early pregnancy serum 
aliquots. Western blots were performed using different 
polyclonal and monoclonal CGB and CGA antibodies and 
were run under reducing and nonreducing conditions, as shown 
in Figure 7, A-F. These hCG antibodies were utilized to 
confirm lhc molecular hCG pattern using various specific 
epitope antibody binding possibilities for nonplaccnlul hCG. 
The main bands were approximately 31 and 29 kOa for 
endometrial CGB and 24 and 21 kDa for CGA. tn addition, 
numerous hCG dimcric bands of 44, 38, and 35 kDa and CGB 
subunits of 17 und 15 kDa were detected depending on die 
dcsinlyzotion grade [34-37], The molecular expression profiles 



correlate with known molecular isoforms of placental hCG 
such as those found in serum during pregnancy. Unlike purified 
placental hCG secretions, endometrial cell homogenous super- 
natunts seemed to contain some additional Iowcr-molecular- 
wcigln hCG dimcric and deglycosylatcd isoforms. 

Immunohistochemical Demonstration of hCC Secretion in 
Ihe Norma! Secreiory-Transformed Endometrial Epithelium 

Endometrial hCG immunosmining of serial tissue sections 
was performed using polyclonal and monoclonal antibodies 
recognizing various CGB chain epitopes, including die CTP 
sequence. In addition, CGA -derived antibody was used to 
prove total hCG production by human secretory endometrium, 
as shown in Figure B. Serial tissue sections of normal cyclic 
endometrium were evaluated tmmunohislochcmically forhCG 
during the secretory transformation phase and correlated with 
cycle-adequate glandular shape transformation, epithelial 
nuclear differentiation, increasing leukocyte number (CD45), 
vascular differentiation in endometrial stroma and epithelium 
(CD34), and endometrial NK cell inRJtration (CD56), as shown 



FIG. 0. 

Ihe cleavage of placental and ci 
CCD DNA amplienns. Placental and endo- 
metrial UNA wni amplified using specific 
primer pairs for CCD la amplify a 300-bp 
product. A) Placental CCfl 300-bp ampli- 
con was Incubated in buffer without and 
with enzymes Sly\, flspl 2(JC, Haelll, Aratl, 
and Saul In lanes 2-7. D) The endometrial 
CCS ampllcon was cleaved after enzyme 



, al product fragments 

Willi ifyl (2 71 bp and 29 bp], fljpl 206 (226 
bp and 7-1 bp), Haelll (196 bp and 104 bp), 
/Wall (103 bp, 9-4 bp, 35 bp, and D bp), and 
Jaul bp, 94 bp, 35 bp, 9 bp. and 0 bp). 
The results correlated with the CCS DNA 
scauenco but not with the LHO sequence. 
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FIG. 7. The SDS-PACE and Western b!o[. 
ling of ICG present In homogeruncs of 
normal secretory endometrium. The Won- 
ern immunohloi patterns or several craJo- 
moirlal homonanale supernatant (lanes 5- 
0) were compared with Out trimester 
pregnancy serum (lane 4) and with purified 
hCG preparations (lanes 1-3). For the Fatter, 
hCC from Chemlcon (lane 2 In A-D and 
lane 3 in E and Fl. hCG from Sign-in (lane 3 
in A-D and lane 1 In E and F), CCS Tram 
Chemicon (lane 1 In A-O, and CCA from 
Chomlcon (lane 3 In E and F| are shown. 
Molecular weight markers (ralnbmv and 
protein standard In kllodaltons) were run 
together with the described probes. The 
blots were visualized using polyclonal hCG 
primary antibody A0231 (A) and polyclonal 
CGfl-CTP primary antibody IP) under re- 
during conditions, monoclonal CCS pri- 
mary antibody INN-12 under reducing (O 
and nonredudng (D) conditions, and 
monoclonal CCA primary antibody INN- 
1 32 under reducing (E| and nonrcduclng (F) 
conditions, followed by blollnyuiled second 
antibody, ABC complex, and DAB Jlainlng. 
Ab, antibody; mAu, mDnodonal anllbodf. 



F COM mAb (INN-132). rDrcradudnn 




in Figure 9, The immunolocnlizalion indicolcd thai glandular 
epitlicltul cells arc the only site of uterine ICQ expression. 
Beginning with secretion in the developing epithelial subnu- 
clear vacuoles, hCG became more prominent during the higher 
phases of secretory trortsformotion. Normal synchronous 
secretory transformation is confirmed by the following 
observed degrees (range, 0-4) of Immunoliisioehemical hCG 
staining in Figure 9: approximately 0.5-1 for very early (Fig. 
9B), 2 for early secretory (Fig. 9C), 3 for midsecrctory (Fig. 
9D), 3-4 Tor laic secretory (Fig. 9E), and 4 for predcciduaJ lole 
secretory (Fig. 9F) cycle endometrial sections. Tlu's also 
coiTclalcs with assessed endometrial Ussue features (glandular 
shape configuration, glandular nucleus configuration, stroma 
configuration, and leukocyte mfiltration/proUfcralion). Figure 9 
also shows normal cyclic endometrium with synchronized 
tissue features and endometrial scores (range, 1-6) of 1-2 for 
proliferative, 2-3 for early secretory, 3-4 formidsccrclory, and 
5-6 for laic and prcdccidualizcd laic secretory endometrium far 
each feature. Thus, a total endometrial score exceeding 20 
could be achieved for the four tissue features in normal late 
secretory transformation. The large amount of mononuclear 
cells and vascularization present in endometrial tissue with 
high hCG expression could be the result of diemoatrracUon 
and improved vascularization described for hCO [38]. Disunct 
subepithelial and, especially. Intraepithelial vascularization is 
shown in Figures 9 and 11. Wc assume that epithelial hCG 
present during die high secretory cycle phase not only is sent to 
the glandular lumen for secretion bul also is targeted to the 
peripheral blood vessels. Epithelial hCG secretion has been 
found in apical glandular epithelium of srereiory-cransforrncd 



epithelium but is also accompanied by secretion In luminal 
surface cpiUiclium during the menstrual cycle (Fig. 10), 

Failing hCC Production as a Criterion for Abnormal 
Endometrial Secretory Differentiation 

Endometrial hCG production In glandular epithelium 
correlated with synchronous transformation of glandular shape 
configuration, glandular epithelial nucleus configuration, and/ 
or leukocyte infiltration into normal secretory endometrium 
(Figs, 9 and 10). Numerous Bubopriranl or disturbed secretory 
endometrial specimens were found in association with 
infertility diagnoses in litis study. In these cases, a delay In 
endometrial maturation of longer than 2 days (evidenced by 
inadequate progesterone secretion) is thought to result in 
disturbed implantation and in early ubortion. Criteria for 
histological assessment of endometrium biopsy specimens arc 
routinely used to characterize normal or delayed secretory 
transformation and the accompanying postovululory cycle day 
[27]. Similarly, glundular-slromal dyssynchrony lias been 
described us u cause of endometrial dysfunction [39], In 
patients widi diminished or absent epithelial hCG staining, wc 
observed dyssynclironous endometrial differentiation, especial- 
ly In glandular nuclear transformation and/or endometrial 
leukocyte infiltration to die glandular shape configuration (Fig. 
1 1). Surprisingly, disturbed endometrial secretory differentia- 
tion can be recognized by a single tmmunohisloclieinicul hCG 
staining of endometrial biopsy material obtained for infertility 
diagnosis. The following thresholds of decreasing endometrial 
tissue scores (range, 1-6), compared with an average score of 
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. ._ jn of endometrial hCC pioduclion. Evidence of 

liCG formation in secretory glandular epithelium of serial slides Indicated 
by polyclonal antibody AOUI (A), polyclonal antibody liCC-CTP from 
Biolrend IB), monoclonal antibody INN-Z (CI, and monoclonal anllbody 
INN-22 (D], all for CGfl, as wall as by monoclonal anllbody INN-132 (B 
lor CCA and hematoxylin staining louelher with a leukocyte CD-IS 
anllbadv (F). Negallvu (C) and positive |H) controls for hCG slaining are 
shown, gla, glandular epflliel; slro, stromal cells; leu, leufcocylra. Original 
mx2Drj, 



4J Tor cycle-adcmiotc normal glandular shape configuration, 
were associated with missing synchrony: 3 for stromal cell 
density, 2J Tor glandular nuclear shape configuration, and 2 
for endometrial leufcocytc infiltration (Fig, II). These clinrac- 
[crisrics arc associated with insufficient normal secretory 
transformation of the endometrium, 

DISCUSSION 

The objective of our study wus lo prove that normal 
secretory endometrium is capable of producing both transcrip- 
tion and tronslution hCG subunils during lite heal dry menstrual 
cycle. The results herein demonslralc that the endometrium of 
women primarily during the secretory phase expresses, 
produces, and secretes dlmcric hCO hormone in glandular 
and luminal epithelium. This endometrial hCG is characterized 
by CGB and CGA sub-unit sequence expression [5-7], Human 



. chorionic gonudotropln was shown to be present by measuring 
hormone levels in uterine lavage fluids and endometrial 
liomogcnatcs. Restriction enzyme examination excluded 1MB 
expression. Various molecular forms of the CGB and CGA 
subunits (such as dimcric hCO) were also observed for 
endometrial tissue, which demonstrates u molecular pattern 
similar to mat exhibited by placenta] hCG [34-37]. Humun 
chorionic gonadotropin Is expressed and released maximally in 
sccrcloryMransformcd endometrium with the highest evaluated 
scares. Increasing hCG production and greater quantities of 
endometrial mononuclear cells (such as common leukocylcs 
[CD45] and NK cells [CD56]) correlate wiih cycle phasc- 
adcquale secretory transformation during the normal healthy 
menstrual cycle. Endometrial hCG in glandular epithelium is 
secreted in cavum ulcri. 

The effects of progesterone, along with the resulting 
receptor expression, have been considered the main cause of 
endometrial secretory tninsformolion [I, 40]. It is generally 
assumed that only the additional influence of fetal ICG induces 
decidual transformation in progesterone-conditioned and 
secretory- transformed cyclic endomenium. It has been well 
studied that exogenous hCG administration acts like fetal hCG 
in having an immcdiuic influence on predecidual function of 
human cyclic endometrium [3, 41, 42, 43]. The cffccl of hCO 
on human secretory endometrium promotes morphological and 
functional differentiation of stromal cells into decidual cells 
{41, 42], However, even in the absence of implantation, 
prcdccidual reactions of stromal fibroblast cell transformation 
leading to epithelial gland cell hyperplasia (including plaque 
formation in the luminal epithelium) occur in human secretory 
endometrium, while this prcdeciduul cell transformation is 
absent during the normal estrogen- and progesterone-primed 
menstrual cycle of nonhuman primates [4. 44, 45], Subsequent 
exogenous hCG administration also induces prcdccidual 
transformation. 

The effect of midcyclic hCO administration was investigat- 
ed in a podent group having normal menstrual cycles in which 
transformation of sccrelory endometrium was exnmlned [43], 
Compared with biopsy specimens lacking hCG administration, 
biopsy specimens of hCG-primcd endometrium demonstrated 
reinforced development of glandular dilatation, progressive 
nuclear differentiation in epithelial cells, decreased epithelial 
and stromal cell mitosis rates, and increasing numbers of spiral 
arteries. Therefore, our immunohistochemical hCG staining 
results for patients with normal secretory endometrium suggest 
(hut exogenous hCG, and possibly endogenous hCG released in 
glandular epithelium, induces secretory transformation and 
predecid utilization of nonpregnant endometrium. 

We believe tliat endogenous endometrial hCG is responsible 
for prcdccidual development of secretory endometrium in 
women. Similar U? Ihc cffccl of exogenous hCG on secretary 
transformation of the endometrium as described by other 
authors [46], the mcnstruul cyclc-dcpcndcnt effect of endoge- 
nous hCG on human endometrium is confirmed herein. We 
hypothesize that endogenous hCG released by glandular 
epithelium can induce and control glandular and stromal 
endometrial differentiation in a paracrine fashion and/or an 
endocrine fashion. As evidenced by immunohistochcmlcri) 
staining results, our findings suggest that endometrial hCG may 
contribute, as early as the early secretory phase, to glandular 
development, along with increased endometrial vascularization, 
stromal differentiation, and proliferation or infiltration of 
endometrial mononuclear cells. Adequate glandular hCG 
ally optimizes secretory differentiation of 
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FIG. 3. [mmunohistochcmlGil demonstra- 
tion of endometrial liCC sccrclion In 
glandular epithelium; hCC staining Is (jlvon 
as Ihc dweo ol slainlng (range, 0-4). Lane 
1 : lack of hCG production In Ihc endomc- 
trlal proliferative phae (A), beginning of 
hCC secretion In subnudoar glandular 
vacuoles ID); Intensified and increasing 
Glandular hCC sccrclion during the early 
secretory (Q and mtdsecrelory (D) phases, 
respectively; and strong glandular ICC 
secretion In functionalis (E) and prodecidunl 
IF) endometrium areas of Ihc late secretory 
phase. Human chorionic gonadotropin 



m - 




mg degree of (M correlates with adequate 
glandular shape transfcrmailori, epithelial 
nuclear differentiation, and leukocyte de- 
velopment suitable far normal secretory 
endometrial fundlorf or the menstrual cycle 
(lane 2: hcmaUwylln slalning and mono- 
clonal antibody CD'IS mononuclear Im- 
mune cells). Endometrial hCC secretion 
refers to the proliferation of endometrial NK 
cells and the vascular dilfercnlialinn or 
endometrial stroma (lane 1: monoclonal 
antibody CD56 !ar NK cells ond monoclo- 
nal antibody CD34 for ondbfhellal colls), 
ula, glandular cpilhcl; Uro, stromal cells; 
Icu, leukocytes; NK, endometrial NK cells; 
ves, vessels. Original magnification X30D. 



secretory to laic secretory phases, epithelial hCG is thought to 
stimulme immunologically detected increasing Eland-surround- 
cd subepithelial and, above all, pcricpilliclial vascularization in 
endometrial specimens, similar to ejtogenously administered 
hCG [47J. Like exogenous ItCG, increased production of 
cndomerriDl hCG may support endometrial prcdccidualization 
of stromal fibroblast induction of vascular endothelial growth 
factor CVEGF), IGFBPI, and aSMA, as well us Ihc resulting 
formation or epithelial pluqucs [41, 44]. 

Becuujic hCG expression correlates with progesterone 
stimulus, we hypothesized that hCG formation is a progcsler- 
onc-induccd process. Furthermore, because iiCG is regarded as 
an immunorcgulatory hormone, it could have an important role 
during implantation. Therefore, we speculated dial endometrial 



IiCG may be on appropriate marker to assess the receptivity of 
the endometrium for embryo implantation. Increasing hCG 
production correlates with endometrial secretory transforma- 
tion in the normal healthy menstrual cycle, characicrized by 
phase-synchronous differentiation with regard to gland size, 
glandular nuclear trans formarion, stromal cell density, and 
stromal mononuclear cell number or subepithelial and 
pcricpilJiclial vessel density in the endometrium. Thus, wc 
recommend performing immunohislochemicnl hCG detection 
in the endometrium as a diagnostic method (o evaluate die 
degree or endometrial secretory transformation (as assessed by 
degree of immunoliislochcmicai IiCG staining [range, CM)). 
We also provide evidence for dyssynchronous endometrial 
differentiation in which gland nuclear transformation is delayed 
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with respect Id phusc-udcquaic gland size and in which the 
stromal leukocyte number is diminished in patient:; with 
insufficient endometrial secretory transformation. In such 
patients, glandular hCG formation is decreased ar absent an 
immunohistologic cxaminution. The pmpased morphological 
assessment confirms the results of immunohistochemicul 
evaluation of endometrial hCO staining. In general, the eight 
criteria by Noycs ct al, [27] for histological assessment of 
endometrium biopsy specimens arc used to characterize 
secretory transformation and accompanying pastovulaiory 
cycle duy. These morphologically objective and diagnastically 
subjective crilcria arc insufficiently defined for the character- 
ization of endometrium development [32], but their application 
is still recommended for assessment of inadequate efTccts of 
progesterone and far exclusion af endometrial anomalies if no 
modalities arc available for recording of endometrial matura- 
tion [33]. We prefer validation of endometrium biopsy 
specimens and, above all, use af the proposed hCO 
immunohislachemicul evaluation for validation of cycle 
phase-synchronous or dyssynchronous secretary-transformed 
endometrium, as well a the four parameters described herein 
(glandular shape configuration, glandular epithelial nucleus 
Transformation und localization, stromal cell density and 
configuration, and endometrial leukocyte proliferation and 
infiltration). 

Endometrial expression of the hCG/LH receptor is subject 
to cyclic endometrial variations and increases concomitantly 
with progress of the secretory phase [22, 23]. Epithelial cells of 
the fallopian tube also express hCG/LH rcccplor and secrete 
hCG [21, 24]. Functional full-length hCG/LH receptor is 
downrcgulatcd in the endometrium during die late secretory 
cycle stage and in early gestation decidua [48]. Increasing 
endogenous hCG concentrations in normol secretory endome- 
trium may influence rcccplor downregulation. 

We showed in this study thut local epithelial hCG synthesis 
by healthy secretory endometrium, in association with 
intensive subepithelial vascularization and stromal NK cell 
accumulation, lasts undl the late secretory phase, including its 
eciduaily induced hypertrophic epithelial cell areas, 
icrous in vliro and in vivo investigations hove exomined 
the influence of exogenous hCG doses on morphological and 
functional differentiation of endometrial tissues, including 
phenomena such as apoptosis. Untreated control cycles in 
these studies resulted daring the late secretory phase 
predominantly in Ischemic necrotic stromal areas of the 
endometrium before menstruation [49, 50], In these untreated 
cycles, despite u declining BCL1BAX ratio thut leuds merely 
to minimal cellular apoptosis during the late secretory phase, 
the number af apoplotic cells present in the premenstrual 
endometrial glandular epithelium and stromal cells amounts to 



less Uian 2% [51, 52], Comparative endometrial biopsy 
specimens from initially untreated and subscquendy hCG- 
rrentcd patient cycles show strongly decreased apoptosis after 
therapy [53], This indicates dint hCO suppresses cellular 
apoptosis in endometrial gland epithelial and stroma cells and 
explains the absence of apoptosis in decidual cpidielium during 
early gestation associated with high hCG concentrations [54], 
Therefore, our observation of glandular hCG in midsccretory 
and laic secretory endometrium supports the findings of a low 
ratio of apoptosis during the normal menstrual cycle and at the 
thro of menses, as well as the presence of glandular hCO in 
decidua during early gestation [55]. 

Wfth every menstrual cycle, angiagencsis is repeatedly 
stimulated in the developing endometrium in a manner that 
docs not occur in other organs. During this time, endometrial 
vascularization is of fundamental importance for generation of 
a receptive endometrium. Endometrial anglogencsis is induced 
prcdominandy by increasing VEGF expression in cpiUiclial 
and stromal cells during midsccretory to late secretory cycle 
stages [56-58]. Expressed VEGF family proteins achieve 
optimum values only in the I me sccreiory cycle phase, when 
endothelial cell proliferation and endometrial predccidunlizn- 
tion are high, and arc released in small quantities. In addition, 
endometrial ongiogenesis and VEGF expression can be 
Stimulated by embryo-derived hCG during implantation and 
ongoing pregnancy. Endometrial cell cultures and intrauterine 
microdio lysis measurements confirm lite indirect influence of 
hCG on vascularization by increased VEGF expression in 
epithelial and stromal cells [59, 60]. In contrast, ItCG can 
directly trigger angiogenic activities of endometrial hCGTLH 
receptor interaction for increased capillary function. Various in 
vivo and in vitro methods such as endothelial eeli proliferation, 
microvcsscl sprouting, und vessel density measurements 
confirm the initiation of ongiogenesis in rcsponne to hCG 
binding of the cndaUieliai hCG/LH receptor [47, 61]. 

To ensure adequate uterine ongiogenesis until die time of 
implantation and development of decidual circulation, endo- 
metrial ongiogenesis was evaluated together with the effect of 
embryonic hCG on endometrial hCG/LH receptors as die key 
lo vascular changes in endometrium and decidua and in 
decidual ongiogenesis. We believe thut the results herein prove 
that physiological, modest, endogenous endometrial hCG 
release from glandular epithelium can have a direct ar an 
Indirect roic in the effect of ItCG on the hCG/LH receptor or on 
VEGF regulation at the beginning of the early secretory cycle 
phase and can contribute to the initiation of microvasculnrizn- 
tion in preparation for a receptive endometrium. The 
immunohistochcmicaJ results herein show increased subepi- 
thelial and intraepithelial vessel growth development, which 
correlates with the strength of hCG expression in glandular 
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FIG. 11. Immuriohlslochernlcal hCG 
staining to evaluate Insufficient secretory 
differentiation of the endometrium. Rcnre- 
senlalive findings of suboplimal cndomelri- 
--- rc shown for seilal slides 



clear cells CD45/hcma!oxylln (middle), and 
NK cells CDS6/vcsscl endothelium CD3A 
(right). Adequate midsecretory and lale 



diminished numberj of stromal leukocytes 
and Inadequate polystraliflcatlon (A1, phase 
Inadequate appeamnce ofsubnudcnr vac- 
uoles IB), and cylinder- -' ' 



absence of stromal mononuclear culls, 
despite normal epithelial nuclear dlfferen 
liatlon (DJ and an abnormally increased 
ratio or rjkuublnann area <E). Positive 
' ill for staining s ■ ■ ■ ■ — 



- -'HQ ar^ 

jjlnndular eplthel; tiro, 



epithelium of nonpregnant endometrium during the midsecre- 
tory lo laic secretory and prcdccidual secretory cycle stages, 
Tlie results indicate that endometrial hCG is delivered to the 
uterine envum and possibly to the venous rofluit of tlic uterus 
and directly into Ihc circulation. Physiologically, hCO is found 
in Ihc peripheral blood of healthy nonpregnant fertile women, 
and the level con reach up to 3.0 mU/ml (higher than thai in 
men). The free CGB subuntt concentration is considerably 
lower than that of corresponding dimeric hCG [20]. We 
confirm much higher dimeric hCO concentrations compared 



with free CGB subunil concentrations in our results showing 
hCG release into Uic homogcnaic supernatant of high secretory 
cycle phusc endometrium specimens, lis well us in our 
premenstrual peripheral blood measurements of hCG in patient 
studies (data not shown). In [he epithelium of various tissues, 
the free CGB subuntt cun be exclusively expressed and 
released, or a functional dimeric hCG may be produced in 
small quantities [16, 62]. 

Human chorionic gonadotropin is thought lo exert an 
immunomodulating effect on the epithelial surface. In 
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endometrial glandular epithelium and stroma of (he secretory 
cycle phase, Fas ligand (FASL) and Fas receptor (FAS) are 
increasingly cowpressed, whicli results in autocrine epithelial 
apoptosis only during the lale secretory phase characterized by 
decreasing estrogen and progesterone concentrations [63-6SJ. 
General FASL expression in epithelial cells, as shown in 
endometrium, was described far the first time in corneal 
epithelium of the eye, in testicles, and in placenta, creating 
immune-privileged sites for these tissue areas via apoptosis 
induction and defense of allogeneic Fas-positive immune cells 
(lymphocytes) and inhibiting immunological inflammatory 
reactions [66-68], The observation of endogenous hCG 
production in secretory endometrium herein seems important 
in light of the recent findings that hCG alone can cause strong 
estrogen-independent and progesterone-independent induction 
of endometrial FASL expression in glandular epithelium and 
stroma [69]. Therefore, the observed endogenous hCG likely 
supports FASL expression in secretory endometrium in a 
cycle-dependent manner. Hie finding of endogenous hCG in 
die endometrium may also correlate with FASL expression in 
cpidiclial and stroma cells, resulting in an immune-privileged 
she capable of repulsing Fas-bearing lymphoid cells such as 
activated T lymphocytes. Besides the endometrium, eye, testis, 
and placenta, other sites of epithelial FASL expression have 
been found in normal human tissues such as lung, esophagus, 
and prostate [70]. Numerous epithelial FASL production sites 
arc associated with exactly the same expression of epithelial 
hCG. If the concept af an immune-privileged site is extended to 
FASL and hCG compression in epiihelia, the epithelial 
surfaces of respiratory, enteric, and urogenital tracts could be 
included to a large extent in characterizing the extrinsic defense 
space of induced apoptosis of inflammatory cells, infectious 
bacteria, or allogeneic grafts without risky immunological 
reactions in tissues. Furthermore, hCG secreted by early 
trophcblost ar maternal decidun attracts regulatory T ceils to 
the feiomutcmal interface and can contribute to maternal 
tolerance toward the fetus [55, 71]. 

In conclusion, this study demonstrates for the first time (to 
our knowledge) that CGB and CGA subunits and IiCG ore 
expressed and produced in glandular epithelium of synchro- 
nous progesterone-stimulated secretory endometrium. Maximal 
hCG production correlated with maximal mononuclear cell 
occurrence and with considerable vascularization. Therefore, 
we beh'eve that endometrial IiCG is a marker for receptivity of 
embryo implantation, although further investigation is required. 
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